Abstract. This project aimed the characterization of the physical workload of the organic horticulture by determining the frequency of exposure of operators to some activity categories. To do this, an adaptation of the PATH method (Posture, Activities, Tools and Handling) was done to be used in the context of agriculture work. The approach included an evaluation of physical effort demanded to perform the tasks in the work systems from an systematic sampling of work situations from a synchronized monitoring of the heart rate; a characterization of posture repertoire adopted by workers by adapting the OWAS method; an identification of pain body areas using the Corlett diagram; and a subjective evaluation of perceived effort using the RPE Borg scale. The results of the individual assessments were cross correlated and explained from an observation of the work activity. Postural demands were more significant than cardiovascular demands for the studied tasks, and correlated positively with the expressions of bodily discomfort. It is expected that, besides the knowledge obtained of the physical effort demanded by organic horticulture, this project will be useful for the development of new technologies directed to minimize the difficulties of the human work and to raise the work productivity.
Introduction
There are many researches on organic agriculture regarding technical, economic or ecological issues; few researches, however, try to identify the characteristics of the human workload of the organic agriculture, under an ergonomic perspective [8] . Among organic production, horticulture has undergone a huge growth in Brazil and represents an important economic sector. Table 1 shows the main work systems and tasks of organic horticulture [9] . Being mostly a non repetitive, non monotonous type of work, agricultural work needs a group of methods, both objective and subjective, to characterize its workload. A method that can help the characterization is P.A.T.H. (Posture, Activities, Tools and Handling), an observational work sampling approach developed for the analysis of construction work [1] . The method was developed to measure the frequency of exposure of the workers, as a proportion of observations, to manual materials handling activities and body postures, through an adaptation of the OWAS method of postural analysis. It was originally applied in the analysis of the work done in the building sector.
Heart rate is traditionally used as an indicator of physiological effort, being increasingly used instead of oxygen consumption to estimate the workload of a task [5] . Cardiovascular parameters commonly used include the average heart rate during work í the working heart rate (HR W ), the resting heart rate (HR R ), the maximum heart rate (HR max ), the limit heart rate and the relative heart rate (HRR) [6] . HRR at work is an important indicator of physiological strain and should not exceed 40% for an eight hour period to avoid fatigue [2] . HR W is also used as an strain indicator ʊ [7] proposed the following categories of work intensity: light (HR W <90); moderate (90HR W <110); heavy (110HR W <130), very heavy (130HR W <150) and extremely heavy (HR W > 150). The effects of workload on the individual can also be estimated through the use of psychophysical methods (body discomfort and body pain surveys), like the method proposed by Corllet and Manenica [4] that can be applied to assess the physical effects of the workload. Also, to assess the subjective perceived exertion for each work system or task, it can be applied the RPE (rate of perceived exertion) Borg scale [3] .
This project aimed the characterization of the physical workload of the organic horticulture by determining the frequency of exposure of operators to some selected activity categories. Although the concept of workload is difficult and hypothetical -it corresponds to the degree of physical, cognitive and psychological mobilization of the worker [8] , the study and description of the workload in organic agriculture can help to minimize the difficulties of the human work and to raise the work productivity.
Methods
Thirteen workers participated in this researcheight from farm A and five from farm B. Each subject was voluntary and received adequate information about the research. They were told that they could withdraw from participation at any time, without penalty of any kind and without providing reasons.
During the workday the heart rate (HR) was measured continuously for each subject, synchronized with the video recording. A Polar RS800CX G3 heart rate monitor was used with a sampling rate of 2 seconds. P.A.T.H. method was modified to allow the characterization of the work in organic horticulture. The postural protocols were adapted to include the characteristics postures of horticultural labor (Figure 1) . The postures were captured from video analysis each five seconds during one hour of continuous work of the several tasks between the work systems.
To assess the perceived exertion for each work system or task, each subject had to indicate their perceived exertion in the work systems or tasks at the end of the working day on a rating scale. It was also used a body part discomfort scale to assess the levels of body discomfort of the workers at the end of the workday.
The heart rate indicators adopted in this work were calculated as follows [2, 7] : 
Results and discussion
The heart rate results for a workday are summarized on Table 2 . Figure 2 shows a typical heart rate recording for a complete workday for worker 1A. Table 2 shows that , during the workday, 61,5% of the workers exhibited HR W between 90 and 110 bpm, configuring moderate work intensity, while 30,8% of the workers exhibited relative heart rate (HRR) above 40%, with HR W greater than HR L. The average values of HR W (93,9 ± 11,2) and HRR (29, 2 ± 8,8) for all the workers during the work day indicate that the overall cardiovascular workload was of moderate intensity.
The postural combinations adopted by the workers in percentage of the working time are expressed on Figure 3 for the work systems and tasks. Four categories were the most frequent, occurring in more than 5% of the sampling time: (111) -standing, arms down; (211) -moderate trunk flexion (<30º), arms down, extended legs; (212) -moderate trunk flexion (<30º), arms down, flexed legs and (312) -severe trunk flexion (>30º), arms down, flexed legs.
The most severe posture combination -312 (severe trunk flexion (>30º), arms down, flexed legs) occurred, in average, for the 4 workers, during 79% of harvesting time, what puts harvest as the most postural demanding work system observed. Postharvest handling and seedling were the least demanding postural activities, where postural combination 111 (standing, arms down) was predominant.
The results of the application of the modified Borg scale for the rate of perceived exertion (RPE) for each work system and task showed that mulching, harvesting and hoeing are perceived by the workers as the activities that are most physically demanding. On the other hand, the post harvest system were perceived as the least intense set of tasks of the organic horticulture.
The results of the of the body discomfort survey showed that all the workers reported discomfort on the back, specially on the lumbar region. The lower limbs were also reported by 69,2% of the workers, specially the thighs.
Conclusions
Overall, the results suggest that the adopted approach was efficient to characterize the workload of organic horticulture. The four indicators selected to characterize the workload, which are variables already considered classical in the ergonomic literature -heart rate, postural repertoire, expressions of physical discomfort and rate of perceived exertionseemed to be appropriate to assess the level of effort required by tasks.
The cardiovascular effort was not particularly severe in the tasks analyzed, and rated as moderate for most workers and for most tasks. In the few situations where this indicator was more intense, a more detailed analysis pointed to individual characteristics of the operator as having the greatest influence in this result. It was noticed that certain operational actions relating to manual handling momentarily require a major effort of the cardiovascular system. The same occurs in situations where the worker requires an increase in speed of task execution. Postural demands were more significant than cardiovascular demands for the studied tasks, and correlated positively with the expressions of bodily discomfort.
It is expected that, besides the knowledge obtained of the physical effort demanded by organic horticulture, this project will be useful for the development of new technologies directed to minimize the difficulties of the human work and to raise the work productivity. Table 2 Heart rate data for a complete workday Fig.2 . Heart rate data for a complete workday (worker 1A). Fig. 3 . Posture combinations during work systems and tasks.
R.F. Abrahão et al. / Workload Composition of the Organic Horticulture 5358

R.F. Abrahão et al. / Workload Composition of the Organic Horticulture
5359
